MATERIALS AND METHODS
Fifty hospitalized subjects were studied, 24 without evidence of renal dysfunction, 25 with uremia due to chronic renal disease, and one with azotemia due to obstructive uropathy. The blood urea concentration in the patients with uremia varied from 40 to 174 mg. nitrogen per cent with an average of 100.5 mg. N per cent. The patients were fasted for 16 hours and gastric juice collected by a Levine tube with the patients placed in the left lateral position, as proposed by Henning (26) , to facilitate the quantitative recovery of gastric secretion (27) . After a 45 minute period of stabilization, gastric juice was as-* Presented in abstract form at the World Congress of Gastroenterology, Washington, D. C., May, 1958. t Supported by a grant from the Fonds National de la Recherche Scientifique Belge. t Present address: Thorndike Memorial Laboratory, Boston City Hospital, Boston, Mass. pirated every 15 minutes and collected for examination. Basal secretion was studied using the four specimens collected during the first hour. At the end of this period, 0.005 mg. per Kg. histamine dihydrochloride was administered subcutaneously, and the effect of this drug on volume and composition of gastric secretion was determined on the four specimens collected during the second hour. This procedure was performed before and after administration of various antibiotics.' Twenty mg. per Kg. oxytetracycline was given orally for four to seven days to five nonuremic and six uremic subjects; 300 mg. of the same drug was injected intramuscularly daily for three to eight days to three nonuremics and three uremics. Five uremic and five nonuremic subjects received 20 mg. per Kg. chloramphenicol orally for four to seven days and six nonuremic and five uremic subjects were treated similarly with 20 mg. per Kg. erythromycin.
Venous blood urea was measured by the urease method (28), gastric juice was analyzed for chlorides (29) and free and total acid (dimethyl-aminoazobenzol and phenolphthalein as indicators). Ammonia and urea were measured (28) in neutralized gastric juice.
RESULTS
A. Comparison between gastric juice in uremic and nonuremic subjects Increased blood urea was associated with high gastric urea and ammonia concentration. This was found both in the basal state and after administration of histamine. In addition, the free and the total acid concentrations were significantly lower (p < 0.05) in uremic patients as compared to nonuremic individuals (Table I) .
B. Action of antibiotics on gastric ammonia and urea contents Mean ammonia concentrations of basal and posthistamine gastric secretions were lowered significantly (p < 0.05) in the patients treated by oral oxytetracycline (Table II) . In both non- Neither gastric ammonia, acid, nor chloride was significantly influenced by chloramphenicol (p > 0.05) (Table III) . Individual responses to erythromycin varied (Table IV) ; in some subjects gastric ammonia fell considerably, while in others there was no change. The (Figure 2 ). Ad- ministration of antibiotics resulted in a significant drop of gastric ammonia (p < 0.01) and a significant increase of gastric acidity (p < 0.05) in eight patients with uremia due to a chronic glomerulonephritis in whom no change in blood urea occurred during the period of investigation ( (14, 15, 22, 30) disturbances of water and electrolyte balance (31) and gastritis (32) have been suggested previously as causes for gastric hypoacidity in uremia. Although it is possible that these factors may contribute to the encountered low gastric acidity, no experimental proof that they are responsible has been presented. The hypothesis that gastric ammonia reduces acidity (15) seemed more plausible but has not been supported previously by experimental evidence in uremic patients.
The demonstration that reduction of gastric ammonia after antibiotic treatment increased acidity of patients with uremia and in vitro addition of ammonia decreased acidity (33) clearly relates hypoacidity to ammonia.
In uremic patients, reduction of gastric ammonia causes gastric acidity to rise to a level similar to that of nonuremic subjects. In the basal state, where gastric acid secretion is normally low, the decrease in ammonia may be greater than the increase of acidity. After histamine stimulation, the ammonia decrease parallels the increased acidity.
Administered antibiotics did not influence gastric acidity in the absence of marked changes of ammonia. This was seen in both control subjects and uremic patients in whom antibiotics had little or no effect on gastric ammonia. The encountered differences in ability of oxytetracycline, erythromycin and chloramphenicol to influence gastric ammonia are unexplained; they may be related to the different antibiotic spectra or pharmacodynamic effects. Since bacteria reside in the stomach under physiological conditions (34, 35) and urease activity of gastrointestinal organism is reduced by antibiotics (36) (37) (38) (39) , it seems probable that the ammonia-reducing effect of oxytetracycline and erythromycin is related to their antibiotic properties rather than to a pharmacodynamic effect.
After use of oxytetracycline, an increased incidence of blood in gastric juice was noted and may be attributed to the occurrence of gastric ulcerations after such treatment (40) . Theoretically, return of normal acidity coupled with the effects of retained urinary excretory products on mucous membranes may predispose to ulcerations and gastroduodenal bleeding (41) .
Effects of therapy on gastric ammonia and acidity may also be of practical importance in patients with liver disease and azotemia who exhibit an elevated gastric ammonia. Reduction of gastric ammonia in patients with cirrhosis can be achieved with oxytetracycline (42) or neomycin (43).
SUMMARY
Twenty-six patients with uremia had high gastric ammonia and low free and total acid concentrations, compared with 24 control subjects without evidence of renal dysfunction.
Spontaneous and induced reduction of gastric ammonia in patients with uremia was accompanied by an equivalent increase in gastric acidity, indicating the contribution of ammonia to hypoacidity in uremia.
